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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a honeycomb structure 
with high collecting effects on a fine combustible particle, 
especially to provide a diesel particulate filter. 
SOLUTION: This honeycomb structure has the surface roughness 
of a cell wall surface of 30|im or more in terms of 10-point mean 
roughness (Rz). The diesel particulate filter is constituted of this 
honeycomb structure. In addition, the heating device comprises a 
pair of electrodes 3, 4 for energizing a material to be treated 2 and 
a side heater 10 for heating the material externally on the lateral 
faces of the paired electrodes 3, 4, arranged in a thermally treating 
chamber. The paired electrodes 3, 4 and the side heater 10 are 
connected to their own power supply control devices, respectively. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A honeycomb structured body, wherein surface roughness on the surface of a cell wall of a 
honeycomb structured body is not less than 30 micrometers in the ten-point average of roughness height 
(Rz). 

[Claim 2]The honeycomb structured body according to claim 1, wherein a diameter of an open pore in the 
cell wall surface of a honeycomb structured body is not less than 20 micrometers. 

[Claim 3]The honeycomb structured body according to claim 2 to which an average pore diameter of a cell 
wall is characterized by porosity of 10-40 micrometers and a cell wall being not less than 40%. 
[Claim 4]The honeycomb structured body according to claim 1, 2, or 3 ( wherein construction material of a 
honeycomb structured body is quality of alumina, quality of cordierite, quality of mullite, quality of silicon 
nitride, or quality of alumimium nitride. 

[Claim 5]The honeycomb structured body according to claim 1, 2, or 3, wherein construction material of a 
honeycomb structured body is quality of silicon carbide. 

[Claim 6]A diesel particulate filter characterized by coming to comprise a honeycomb structured body 
according to claim 5. 

[Claim 7]A manufacturing method of a honeycomb structured body fabricating a Plastic solid of honeycomb 
shape with a conductive material, energizing it to shaft orientations of the inside of a non-oxidizing 
atmosphere, and a honeycomb breakthrough, and carrying out heating sintering. 

[Claim 8]A manufacturing method of the honeycomb structured body according to claim 7 carrying out heat 
tracing with a side heater further from the side of a honeycomb shape Plastic solid. 
[Claim 9]A manufacturing method of the honeycomb structured body according to claim 8, wherein a 
temperature gradient with a honeycomb shape Plastic solid outside surface and a side heater makes it to 
less than **10% and carries out heating sintering. 

[Claim 10]A manufacturing method of the honeycomb structured body according to claim 7, 8, or 9, wherein 
construction material of a honeycomb shape Plastic solid is quality of alumina, quality of cordierite, quality 
of mullite, quality of silicon nitride, or quality of alumimium nitride. 

[Claim 11]A manufacturing method of the honeycomb structured body according to claim 7, 8, or 9, wherein 
construction material of a honeycomb shape Plastic solid is quality of silicon carbide. 
[Claim 12]In a honeycomb shape Plastic solid, 20 to 80 % of the weight of silicon carbide powder and the 
remainder consist of silicon nitride powder and a carbonaceous material substantially, And a manufacturing 
method of the honeycomb structured body according to claim 7, 8, or 9 which mole ratios (Si/C) for silicon 
of silicon nitride powder to a carbon content of a carbonaceous material are 0.5-1.5, and is characterized 
by calcinating it at temperature of not less than 1 600 **. 

[Claim 13]In a honeycomb shape Plastic solid, 20 to 80 % of the weight of silicon carbide powder and the 
remainder substantially Silicon nitride powder, Consist of oxidized silicon powder and a carbonaceous 
material, and, moreover, in mean particle diameter of oxidized silicon powder, the rate to silicon nitride 
powder 100 weight section at 1 micrometer or less Five to 30 weight section, A manufacturing method of 
the honeycomb structured body according to claim 7, 8 f or 9 which mole ratios (Si/C) for all the silicon [ as 
opposed to a carbon content of this carbonaceous material in a rate of a carbonaceous material ] of silicon 
nitride powder and oxidized silicon powder are 0.5-1.5, and is characterized by calcinating it at temperature 
of not less than 1 600 **. 

[Claim 14]A manufacturing method of a honeycomb structured body performing heat tracing and making 
the honeycomb shape Plastic solid according to claim 13 sinter at temperature of not less than 1600 ** 
without performing energizing heating. 
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[Claim 15]A side heater (10) for carrying out heat tracing of the above-mentioned processed material to 
the side of an electrode (3) of a couple for energizing to a processed material (2), and (4) and an electrode 
of this couple, Heating apparatus characterized by coming to be arranged in a heat-treatment room (1), 
and coming to connect an electrode and the above-mentioned side heater of the above-mentioned couple 
to each supplied power controller. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the diesel particulate filter which it comes to comprise a 
honeycomb structured body, its manufacturing method, and a nature honeycomb structured body of silicon 
carbide, and heating apparatus applicable to manufacture of a honeycomb structured body. 
[0002] 

[Description of the Prior Art]The filter which catches inflammable particles, such as soot used as a toxic 
substance, from exhaust gas, For example, as a diesel particulate filter (henceforth "DPF") which catches 
the inflammable particles contained in the exhaust gas of a diesel power plant, the honeycomb structured 
body which uses cordierite or silicon carbide as the main ingredients is proposed. The structure consists of 
a porous-ceramics structure which has a breakthrough of a large number prolonged in an exit end side 
from an entrance end side. 

The breakthrough by which the breakthrough by which the breakthrough of the large number is separated 
with the porous wall called a cell wall, and the entrance end side and exit end side of the breakthrough of 
the large number were closed by turns by the checker, and the entrance end side was closed was wide 
opened in respect of the exit end, and the entrance end side was opened wide is closed in respect of the 
exit end. 

And it is attached as a part of Diesel engine exhaust gas system, and exhaust gas flows from the 
breakthrough by which the entrance end side was opened wide, when passing a cell wall, inflammable 
particles are caught, and this DPF flows out of the breakthrough used as the exhaust gas which does not 
contain inflammable particles by which the exit end side was opened wide. Therefore, a cell wall needs to 
have a pore diameter and porosity suitable for the exhaust gas containing inflammable particles being able 
to pass easily, and catching most or all of inflammable particles. 

[0003]If a constant rate of inflammable particles are caught by the cell wall of DPF, since a cell wall will 
cause blinding and ventilation resistance will increase, it is necessary to remove it periodically and to 
reproduce DPF. Since a lot of inflammable particles are especially contained in exhaust gas, such as a 
diesel engine, large-sized DPF is used, and the reproduction interval is also adjusted to some extent. 
[0004]How to carry out direct im'ection of the combustion gas of a burner, and to make inflammable 
particles burned down as a regeneration method of DPF, There are a method of carrying out heating 
incineration combining an exothermic metal layer and DPF, such as a Nichrome wire heater, a method of 
energizing directly to DPF which comprised a conductive material, carrying out self-generation of heat, and 
making inflammable particles burned down, etc. However, since as for DPF a mechanical strength will fall by 
thermal fatigue and a temperature gradient will become large by combustion by large-sized DPF especially, 
if such reproduction is repeated frequently, There is a problem which the crack by heat stress tends to 
generate, and local generation of heat produces according to the catching unevenness of inflammable 
particles, and an erosion crack generates. 

[0005]As an invention which left for the stoma characteristic of a cell wall, catching of inflammable 
particles, and the viewpoint of incineration, conventionally, In JP,5-77442,B (the USP No. 4,297,140 
specification). In the cell wall of a honeycomb structured body, the average diameter of the stoma which 
forms the capacity of open porosity and open porosity, In a coordinates top, it is point 1-G-5-2-3-4 
(however, the point 1; the average pore diameter of 1 micrometer open porosity 58.5%). The point G; open 
porosity 46.8% and average pore diameter of 12 micrometers, the point 5; The open porosity 39.5% and 
average pore diameter of 15 micrometers, the point 2; open porosity 33.0% and average pore diameter [ of 
15 micrometers ], point 3; open porosity 52.5%, and average pore diameter [ of 20 micrometers ], point 4; 
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open porosity 90.0%, and average pore diameter of 1 micrometer — having — DPF in the zone limited by 
the boundary line to connect is indicated. In the nature honeycomb structured body of silicon carbide 
which separates a thin septum and by which many breakthroughs adjoin shaft orientations, the thing of the 
three-dimensional network which made the subject the plate crystal of the average aspect ratios 2-50 is 
indicated by JP,61-83689,A in this septum. 

[0006]There is many advanced technology about the ****** method of the honeycomb end face, For 
example, JP.57-7215.A (the USP No. 4,293,357 specification), In a JP,58-37480,A gazette (the USP No. 
4,557,773 specification, the USP No. 4,573,896 specification), after sticking a film etc. on the honeycomb 
end face, or it makes a hole in the portion which hits the breakthrough which ****** — or — oh, after 
sticking on the honeycomb end face the film which ****** opened, ******(ing) this hole with a sealing 
agent in the honeycomb end face is indicated. 

[0007]However, about the catching effect of inflammable particles which the size (namely, diameter of an 
open pore on the surface of a cell wall) in the opening of the stoma formed in a cell wall or the diameter of 
an open pore on the surface roughness of a cell wall and the surface of a cell wall has done, there is no 
reference in the above-mentioned advanced technology. Therefore, in conventional DPF, it was difficult to 
miniaturize, since the catching effect of inflammable particles fully causes blinding easily. 
[0008] 

[Problem(s) to be Solved by the Invention]The purpose of this invention is to provide the honeycomb 
structured body which can heighten the catching effect of inflammable particles by controlling the surface 
disposition of a cell wall. Other purposes of this invention are to provide the method of manufacturing the 
homogeneous honeycomb structured body which is excellent in the catching effect of such inflammable 
particles with sufficient productivity without starting a crack, an erosion, etc. Construction material of DPF 
is made into the quality of silicon carbide, and another purpose of this invention is to provide highly 
efficient DPF which can heighten the catching effect of inflammable particles much more, can have it, and 
can perform shortening of miniaturization and a regenerative cycle by controlling the surface disposition of 
a cell wall. Other purposes of this invention are to provide the manufacturing method and heating apparatus 
of a conductive sintered body which can sinter a conductive Plastic solid on uniform temperature 
distribution and the stable conditions, even if it performs high-speed temperature-up heating. 
[0009] 

[Means for Solving the Problem]The gist of this invention is as follows. 

(Claim 1) A honeycomb structured body, wherein surface roughness on the surface of a cell wall of a 
honeycomb structured body is not less than 30 micrometers in the ten-point average of roughness height 
(Rz). 

(Claim 2) The honeycomb structured body according to claim 1, wherein a diameter of an open pore in the 
cell wall surface of a honeycomb structured body is not less than 20 micrometers. 

(Claim 3) The honeycomb structured body according to claim 2 to which an average pore diameter of a cell 
wall is characterized by porosity of 10-40 micrometers and a cell wall being not less than 40%. 
(Claim 4) The honeycomb structured body according to claim 1, 2, or 3, wherein construction material of a 
honeycomb structured body is quality of alumina, quality of cordierite, quality of mullite, quality of silicon 
nitride, or quality of alumimium nitride. 

(Claim 5) The honeycomb structured body according to claim 1, 2, or 3, wherein construction material of a 
honeycomb structured body is quality of silicon carbide. 

(Claim 6) A diesel particulate filter characterized by coming to comprise a honeycomb structured body 
according to claim 5. 

(Claim 7) A manufacturing method of a honeycomb structured body fabricating a Plastic solid of 
honeycomb shape with a conductive material, energizing it to shaft orientations of the inside of a non- 
oxidizing atmosphere, and a honeycomb breakthrough, and carrying out heating sintering. 
(Claim 8) A manufacturing method of the honeycomb structured body according to claim 7 carrying out 
heat tracing with a side heater further from the side of a honeycomb shape Plastic solid. 
(Claim 9) A manufacturing method of the honeycomb structured body according to claim 8, wherein a 
temperature gradient with a honeycomb shape Plastic solid outside surface and a side heater makes it to 
less than **10% and carries out heating sintering. 

(Claim 10) A manufacturing method of the honeycomb structured body according to claim 7, 8, or 9, 
wherein construction material of a honeycomb shape Plastic solid is quality of alumina, quality of cordierite, 
quality of mullite, quality of silicon nitride, or quality of alumimium nitride. 

(Claim 11) A manufacturing method of the honeycomb structured body according to claim 7, 8, or 9, 
wherein construction material of a honeycomb shape Plastic solid is quality of silicon carbide. 
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(Claim 12) A honeycomb shape Plastic solid 20 to 80 % of the weight of silicon carbide powder, A 
manufacturing method of the honeycomb structured body according to claim 7, 8, or 9 which the remainder 
consists of silicon nitride powder and a carbonaceous material substantially, and mole ratios (Si/C) for 
silicon of silicon nitride powder to a carbon content of a carbonaceous material are moreover 0.5-1.5, and 
is characterized by calcinating it at temperature of not less than 1600 **. 

(Claim 13) A honeycomb shape Plastic solid 20 to 80 % of the weight of silicon carbide powder, The 
remainder consists of silicon nitride powder, oxidized silicon powder, and a carbonaceous material 
substantially, In mean particle diameter of oxidized silicon powder, the rate to silicon nitride powder 100 
weight section at 1 micrometer or less And five to 30 weight section, A manufacturing method of the 
honeycomb structured body according to claim 7, 8, or 9 which mole ratios (Si/C) for all the silicon [ as 
opposed to a carbon content of this carbonaceous material in a rate of a carbonaceous material ] of silicon 
nitride powder and oxidized silicon powder are 0.5-1.5, and is characterized by calcinating it at temperature 
of not less than 1 600 **. 

(Claim 14) A manufacturing method of a honeycomb structured body performing heat tracing and making 
the honeycomb shape Plastic solid according to claim 13 sinter at temperature of not less than 1600 ** 
without performing energizing heating. 

(Claim 15) An electrode (3) of a couple for energizing to a processed material (2), and (4), Heating 
apparatus characterized by coming to arrange a side heater (10) for carrying out heat tracing of the above- 
mentioned processed material to the side of an electrode of this couple in a heat-treatment room (1), and 
coming to connect an electrode and the above-mentioned side heater of the above-mentioned couple to 
each supplied power controller. 

[0010]Hereafter, this invention is explained in more detail. 

[001 1]In a honeycomb structured body of this invention, as the construction material, metal, such as 
aluminum, Cr, and nickel, They are cermets, such as ceramics, such as silicon carbide, alumimium nitride, 
silicon nitride, alumina, cordierite, and mullite, aluminum 2 0 3 /Fe, aluminunr^Og/nickel, and B 4 C/Fe. Since 

silicon carbide has the outstanding heat resistance also in these, the porous body moreover has the 
structure where a stoma was formed in a gap of a crystal grain child who became entangled in the 
complicated state, ventilation resistance becomes small and collection efficiency of inflammable particles 
becomes high, it is suitable. 

[0012]In a honeycomb structured body of this invention, not less than 30 micrometers of surface 
roughness of a cell wall were 40-300 micrometers preferably by the ten-point average of roughness height 
(Rz) because surface roughness of a cell wall was closely related to collection volume of inflammable 
particles and collection volume of inflammable particles did not increase in less than 30 micrometers. 
Although there is no restriction in particular about a maximum of surface roughness of a cell wall, it is 
preferred that it is 300 micrometers or less in consideration of intensity. 

[0013]In this invention, even if it is a honeycomb structured body which has the above-mentioned surface 
roughness, it is preferred that a size of a stoma formed in a cell wall is controlled. That is, in this invention, 
it is preferred that especially not less than 20 micrometers of diameters of an open pore in the cell wall 
surface, i.e., a size in an opening of a stoma, are 20-50 micrometers. An oil component of a diesel power 
plant, etc. condense inflammable particles as a diameter of an open pore on this surface of a cell wall is 
less than 20 micrometers, and since adhesion force is strong, blinding is easily caused also by slight 
adhesion. Although there is no restriction in particular about a maximum of a diameter of an open pore on 
the surface of a cell wall, since particles will pass and collection efficiency will fall if it becomes not much 
large, a maximum of a desirable diameter of an open pore in consideration of intensity is 50 micrometers or 
less. 

[001 4]A diameter of an open pore on the surface of a cell wall as used in the field of this invention 
observes the cell wall surface with a scanning electron microscope, and means a pitch diameter for which 
it asked by image analysis so that the measuring method may be explained in full detail in the example. 
[0015]In a honeycomb structured body of this invention, there is no restriction in particular about an 
average pore diameter and porosity of a stoma which are formed in a cell wall. However, about especially 
porosity of a cell wall, 50 to 70% is preferred not less than 40%, and it is preferred about an average pore 
diameter that it is 10-40 micrometers. If ventilation resistance becomes high at less than 40% and porosity 
of a cell wall surpasses 70%, intensity will fall. If inflammable particles are easily got clogged with less than 
10 micrometers inside a cell wall and an average pore diameter of a cell wall surpasses 40 micrometers, 
intensity will fall. 

[0016]An average pore diameter of a cell wall in this invention means that for which it asked with a method 
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of mercury penetration so that the measuring method may be explained in full detail in the example. 
[0017]In the case of a conductive honeycomb structured body, as a use of a honeycomb structured body 
of this invention, various heaters, such as a heater for hot wind generating of a large-sized dryer and also a 
space heating appliance, a duct heater, cooking appliances besides DPF, a dryer machine, and a firing 
furnace, can be raised. A honeycomb structured body of this invention can be used as catalyst support for 
emission gas purification, etc. 

[0018]Since collection volume of inflammable particles increases and it becomes easy the to destroy by 
fire DPF which consists of a nature honeycomb structured body of silicon carbide of this invention, an 
erosion crack decreases sharply. DPF of this invention can be manufactured by ******(ing) a honeycomb 
breakthrough of a honeycomb structured body of this invention in respect of the both ends. About the 
****** method, it can carry out by method indicated in the above-mentioned advanced-technology 
literature, a method written in the Japanese-Patent-Application-No. No. 171080 [ seven to ] specification 
concerning the same application as these people, etc. 

[0019]Next, a manufacturing method of a honeycomb structured body of this invention is explained. 
[0020]It is the feature for a manufacturing method of a honeycomb structured body of this invention to 
constitute a honeycomb shape Plastic solid with a conductive material, to energize it to shaft orientations 
of the bottom of a non-oxidizing atmosphere and a honeycomb breakthrough, and to carry out heating 
sintering. By performing energization sintering like this invention, it can sinter in a short time compared 
with a method of performing heat tracing sintering. And since a cell wall carries out self-generation of heat 
and sintering advances by it by sending current through shaft orientations of a honeycomb breakthrough, a 
crystal grain child near [ large ] the surface of free energy can make it able to sinter preferentially, and 
surface roughness of a cell wall can be made coarse with grain growth in that case. About atmosphere at 
the time of sintering, by oxidation, the conductivity of a conductive material needs to carry out by non- 
oxidizing atmospheres, such as nitrogen and argon, so that there may be no ******##. 
[0021]a honeycomb shape Plastic solid which has the conductivity used by this invention having that 
preferred especially 100ohms or less of whose resistance in the room temperature are 10 ~ 1 - 10 2 omega, 
and using such a Plastic solid — several — it becomes possible to generate heat and sinter by an about 
[ V-50V ] low voltage. If construction material of a honeycomb shape Plastic solid is illustrated, it will be 
metallic titanium powder, powder mixture of carbon, etc. which are electrically conductive ceramics, such 
as titanium carbide, titanium nitride, way-ized titanium, and molybdenum disilicide, and a catalyst precursor 
of those. Non-conducting ceramics can also be used, in order to perform energization sintering in that 
case, addition of an electro-conductivity applying agent is needed, and a carbonaceous material is suitable 
for it. The carbonaceous material can control porosity, a pore diameter, and surface roughness of a 
honeycomb structured body by being able to remove easily and adjusting the addition and particle size by 
heat-treating by an oxidizing atmosphere after sintering. As non-conducting ceramics, non-oxide ceramics, 
such as oxide stock ceramics, for example, silicon nitride, such as alumina, cordierite, and mullite, 
alumimium nitride, and silicon carbide, can be used, for example. 

[0022]Since quality of silicon carbide is the optimal as DPF even if it is in construction material of the 
above-mentioned honeycomb shape Plastic solid, a manufacturing method of a nature honeycomb 
structured body of silicon carbide is explained in more detail hereafter. 

[0023]A nature honeycomb structured body of silicon carbide of this invention can be manufactured by 
fabricating a mixture containing the specified quantity of silicon carbide powder, silicon nitride powder, and 
a carbonaceous material to a Plastic solid of honeycomb shape, and carrying out reaction sintering of it. An 
advantage of using such a honeycomb shape Plastic solid, Since resistance in a room temperature has 
especially 100ohms or less of suitable conductivity which is 10 ~ 1 - a 10 2 omega grade, energization 
sintering is possible for this Plastic solid, It becomes possible to control porosity and a pore diameter of a 
honeycomb structured body by adjusting an addition and a particle size of silicon carbide powder, By 
controlling development of a crystal grain child at the time of reaction sintering, it is being able to make 
surface roughness coarse and, moreover, the catching effect of inflammable particles can manufacture 
DPF of high intensity greatly by such an advantage. 

[0024]As for especially mean particle diameter of silicon carbide powder used by this invention, 10-50 
micrometers is preferred 50 micrometers or less. If smaller than 10 micrometers, an average pore diameter 
of a cell wall will become small, and if 50 micrometers is surpassed, intensity will fall. As for especially 
particle diameter of silicon nitride powder, 50 micrometers or less are preferred 100 micrometers or less 
from a point of a moldability and carbonization reaction nature. As a carbonaceous material, phenol, a franc, 
organic resin that carries out a pyrolysis like polyimide and serves as carbon, etc. besides free carbon, 
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such as carbon black, acetylene black, and black lead, is used. As for especially mean particle diameter of 
free carbon, 1 micrometer or less is preferred 10 micrometers or less. 

[0025]Rates of each ingredient of a mixture which consists of silicon carbide powder, silicon nitride powder, 
and a carbonaceous material are silicon nitride powder and a carbonaceous material substantially 
[ remainders / 80 to 20 % of the weight of / 20 to 80 % of the weight of silicon carbide powder, and ]. And 
about a rate of silicon nitride powder and a carbonaceous material, it is preferred that mole ratios (Si/C) 
for silicon of silicon nitride to a carbon content of a carbonaceous material are 0.5-1.5. Silicon carbide 
powder will serve as aggregate in reaction sintering, if less than 20 % of the weight, intensity will fall, if 80 % 
of the weight is surpassed, resistance of a honeycomb shape Plastic solid will become high, energization 
sintering will become difficult, and, moreover, a diameter of an open pore on the surface of a cell wall will 
become small. With carbon which remains on the other hand if a Si/C mole ratio is smaller than 0.5, grain 
growth of silicon carbide which carries out carbonization generation is checked, and an average pore 
diameter of a cell wall becomes small. If a Si/C mole ratio is larger than 1 .5, the amount of [ which was 
generated by disassembly of silicon nitride ] unreacted silicon will increase, intensity will fall, and when 
high-speed temperature-up heating is performed, the amount of unreacted silicon does melting and 
softening of, and it causes a sintering crack. 

[0026]In this invention, it is preferred in the above-mentioned mixture to replace some silicon nitride 
powder by oxidized silicon powder. By this, it becomes easy to make a diameter of an open pore on the 
surface of a cell wall large to not less than 20 micrometers. And even if it does not perform energizing 
heating sintering, a honeycomb structured body excellent in the catching effect of inflammable particles 
can be manufactured only by performing heat tracing sintering. 

[0027]Here, a rate of oxidized silicon powder is the silicon nitride powder 100. It is preferred that it is five 
to 30 weight section to a weight section. In less than five weight sections, an effect which makes a 
diameter of an open pore on the surface of a cell wall large to not less than 20 micrometers becomes 
scarce. If 30 weight sections are exceeded, porosity of a cell wall will become high too much, intensity will 
fall, and in rapid temperature-up calcination, a lot of CO gas is rapidly emitted by a reaction with a 
carbonaceous material, and a sintering crack happens. 

[0028]As for mean particle diameter of oxidized silicon powder, it is preferred that it is 1 micrometer or 
less, and an effect which enlarges a diameter of an open pore on the surface of a cell wall by this is 
promoted. Namely, although blend a binder and water with the above-mentioned mixture, kneaded material 
is prepared in this invention, it is extruded with high voltage from a metallic mold and it is fabricated by 
Plastic solid of honeycomb shape, In that case, kneaded material which passes through the metallic mold 
surface has the character which is going to ease friction with a metallic mold and in which fluid high 
impalpable powder carries out a segregation. In this invention, use this character and the segregation of the 
oxidized silicon powder with a mean particle diameter of 1 micrometer or less is carried out near the cell 
wall surface, By making it and a carbonaceous material react preferentially in the case of calcination, CO 
gas is generated and a diameter of an open pore on the surface of a cell wall can be enlarged by it. 
[0029]In a mode which uses a mixture replaced by oxidized silicon powder in some silicon nitride powder 
like this invention, As for a rate of a carbonaceous material, it is preferred to consider it as a rate that a 
mole ratio (Si/C) for all the silicon in silicon nitride powder and oxidized silicon powder is set to 0.5-1.5, to 
a carbon content of this carbonaceous material. 

[0030]If adjustment of a mixture is a method mixable to homogeneity, such as dry type and wet blending, it 
is employable by any method. In order to carry out extrusion molding of the mixture, organic binders, such 
as a suitable quantity of water, methyl cellulose, polyvinyl alcohol, are blended with a mixture, and kneaded 
material is prepared. 

[0031]Subsequently, extrusion molding of the kneaded material is carried out to a honeycomb Plastic solid 
of desired shape, and heating sintering is usually carried out through desiccation and a ****** process. 
Heating sintering is performed to shaft orientations of a honeycomb breakthrough by energizing directly 
under non-oxidizing atmospheres, such as nitrogen and argon. However, although it is desirable, you can 
make it not necessarily sinter energizing heating also by not being required and performing the conventional 
heat tracing, in using a mixture replaced by oxidized silicon powder in some silicon nitride powder. 
[0032]Energizing heating is performed after pressing down and setting a both-ends side of a honeycomb 
shape Plastic solid to an electrode of couples, such as carbon, silicon carbide, molybdenum disilicide, and 

metal, by the planar pressure 20 - 500 g/cm 2 . In this case, in order to lessen contact resistance in a 
contact surface of a honeycomb shape Plastic solid and an electrode, it is preferred to make a reactant 
small conductive fiber and powder with a honeycomb shape Plastic solid intervene. In order to suppress 
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that heat emits from a honeycomb shape Plastic solid in the case of energizing heating sintering, it is 
preferred to insulate the side of a honeycomb shape Plastic solid with a graphite board etc. the thermal 
shield effect excelled [ board ] in thermal reflection greatly. 

[0033]As for especially calcination temperature, it is preferred that they are 1800 ** - 2500 ** not less 
than 1600 **. Since silicon nitride and a carbonaceous material with calcination temperature unreacted at 
less than 1600 ** remain, heat resistance will fall, and it will become insufficient [ grain growth of silicon 
carbide ], and a diameter of an open pore on surface roughness of a cell wall or the surface of a cell wall 
will not fully increase. On the other hand, if calcination temperature surpasses 2500 **, crystal transition, 
melting, etc. will arise and intensity will fall with extreme grain growth. 

[0034]In this invention, when carrying out heating sintering of the honeycomb shape Plastic solid, as shown 
in drawing 1 , it is preferred to perform heat tracing with a side heater from the side of a honeycomb shape 
Plastic solid further with the above-mentioned energizing heating. Heat tracing is performed adjusting [ it is 
preferred to carry out so that a temperature gradient with an outside surface of a honeycomb shape 
Plastic solid and a side heater may be less than **10%, especially less than **5%, and ] power supply to an 
electrode and/or a side heater to it. Since it becomes possible to be able to control heat dissipation of a 
honeycomb shape Plastic solid efficiently, and to heat by uniform temperature distribution by such heat 
tracing, even if it performs high-speed temperature-up heating, it is homogeneous and a honeycomb 
structured body without a crack or an erosion can be manufactured easily. 

[0035]Since the conventional nature honeycomb structured body of silicon carbide sinters a mixture of 
silicon-carbide-powder itself or silicon carbide powder, and a sintering aid and is manufactured, a diameter 
of an open pore on the surface of a cell wall like this invention and a thing with surface roughness do not 
become. 

[0036]Next, heating apparatus of this invention is explained. When heating apparatus of this invention uses 
together energizing heating and heat tracing by a side heater and heat-treats a processed material, it is 
used, and when a processed material is the honeycomb shape Plastic solid fabricated with a conductive 
material, it can manufacture a honeycomb structured body of this invention. 

[0037]Heating apparatus of this invention is explained according to drawing 1 . An electrode of a couple 
which drawing 1 is an approximate account figure of heating apparatus of this invention, and consists of an 
upper electrode (3) and a lower electrode (4) for energizing directly to a processed material (2) in a heat- 
treatment room (1), A side heater (10) for carrying out heat tracing of the above-mentioned processed 
material from that side is arranged, and an electrode and a side heater of this couple are each supplied 
power controller. [ (5-9) — it is connected to ] (1 1-15), and the above-mentioned lower electrode means 
going up and down with an electrode lifting device (16). 

[0038]It is set to a lower electrode and a lower electrode goes up with electrode lifting devices (16), such 
as pneumatic pressure and an oil pressure controller, an upper bed side of a processed material is forced 
on a processed material by upper electrode, and it energizes it. Temperature of a processed material is 
measured with a measuring meter (6) through a sight tube (5), The automatic controller (7) operates based 
on it, and an output of PID control is supplied to a control circuit as a command value signal, it is 
controlled so that an output of a thyristor (8) is in agreement with the command value signal, and it 
energizes to a processed material through a transformer for voltage current acUustment (9). 
[0039]On the other hand, a side heater is formed near the side wall part of a processed material, and the 
temperature is measured with a measuring meter (12) through a sight tube (11). And the automatic 
controller (13) operates based on the temperature measurement value like a case of temperature control 
of the above-mentioned processed material, An output of PID control is supplied to a control circuit as a 
command value signal, it is controlled so that an output of a thyristor (14) is in agreement with the 
command value signal, and it energizes to a side heater through a transformer for voltage current 
adjustment (15). 

[0040]Thus, even if heat dissipation of a processed material can be controlled efficiently and it performs 
high-speed temperature-up heating by performing heat tracing according a processed material to 
energizing heating and a side heater, it becomes possible to heat by uniform temperature distribution. An 
electrode of a couple and each supplied power controller of a side heater, Since it is designed based on 
change of heat release according to shape of a processed material, and temperature-up change of the 
resistance/temperature characteristics according to a component of a processed material heat by uniform 
temperature distribution, A heating rate and heat-treatment time can be controlled precisely, and it can 
heat-treat in the state where it was stabilized from beginning to end. 

[0041] Although conductive materials, such as carbon, silicon carbide, molybdenum disilicide, and metal, can 
be used about construction material of an upper electrode and a lower electrode, in order to control 
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generation of heat of polar zone, it is more preferred than a processed material to enlarge calorific 
capacity. 

[0042]As for a side heater, it is preferred to install in parallel to a side attachment wall of a processed 
material, and it is preferred to install in less than 50 mm, especially less than 20 mm from a side 
attachment wall of a processed material. About shape of a side heater, rod form and shape which can 
diffuse heat uniformly on a side attachment wall of a processed material like surface state are preferred. It 
is preferred to install from a point of power consumption of uniform heating and a side heater, especially, 
using a side heater of surface state, so that a side attachment wall of a processed material may be 
surrounded thoroughly. 

[0043]Although heating elements, such as carbon, silicon carbide, molybdenum disilicide, and metal, can be 
used about construction material of a side heater, In order that power consumption may lessen and may 
make a heating rate quick, calorific capacity, the relative density 1 with a small change of 
resistance/temperature characteristics - a carbon molded board of 2 g/cm 3 are the optimal. 
[0044] 

[Example]Hereafter f an example, a comparative example, and a reference example are given and this 
invention is explained still more concretely. 

[0045](example 1-3 Comparative examples 1-3) This example is an example which performed energizing 
heating sintering and manufactured the nature honeycomb structured body of alumina. 
[0046]To mixture 100 weight section which made alumina powder (mean particle diameter of 30 
micrometers), and graphite powder (mean particle diameter of 10-150 micrometers) the rate shown in 
Table 1, methyl cellulose 8 weight section was blended as water 20 weight section and a binder, it mixed 
for 10 minutes with the Henschel mixer, and kneaded material was prepared. 

[0047]Subsequently, after carrying out extrusion molding of this kneaded material to outside diameter size 
**100mm, the cell size of 2.0 mm, and the honeycomb shape of 0.4 mm of wall thickness on condition of 
compacting pressure 80 kg/cm 2 using the vacuum extruding press machine, it cut in length of 100 mm. 
Among [ after drying the acquired honeycomb shape Plastic solid ] a nitrogen atmosphere, after performing 
degreasing of 450 **x1Hr, energizing heating sintering was carried out. 

[0048]energizing heating sintering presses down the both ends of the breakthrough of a honeycomb shape 
Plastic solid by the pressure of 100 g/cm 2 with carbon electrodes — shaft orientations — a maximum of - 
- the current of 2000A was sent, temperature up was carried out among a nitrogen atmosphere to the 
sintering temperature shown in Table 1 with the heating rate of 50 ** / min, and it carried out by holding 
for 2 minutes. The obtained sintered compact made the black lead which performs oxidation treatment of 
900in the atmosphere x3Hr, and remains burned down, and manufactured the honeycomb structured body. 
[0049]The comparative example 2 sends current through the axis of a honeycomb breakthrough 
perpendicularly, performs energization sintering, and the comparative example 3 installs the degreased 
bodies of a honeycomb shape Plastic solid in graphite crucible, and it heats graphite crucible with a high- 
frequency-induction heating furnace with the heating rate of 10 ** / min among argon atmosphere. 
[0050] 
[Table 1] 
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[0051]The characteristic of following the after-mentioned was measured about the obtained honeycomb 
structured body. However, since the surface dispositions of the porous wall side over an energizing 
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direction differed greatly about the comparative example 2, evaluation of pressure loss, particle catching 
performance, and surface roughness was performed about the parallel surface and the vertical plane to the 
energizing direction, and it was equalized. Those results are shown in Table 2. 
[0052] 
[Table 2] 
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[0053]lt is set to nature DPF of alumina excellent in the catching performance of inflammable particles by 
the surface roughness (Rz) of the cell wall of a honeycomb structured body being not less than 30 
micrometers so that clearly from Table 2. 

[0054](example 4-12 Comparative examples 4-8) This example is an example which performed energizing 
heating sintering and manufactured the nature honeycomb structured body of silicon carbide. 
[0055]The mixture which made silicon carbide powder (mean particle diameter of 30 micrometers), silicon 
nitride powder (mean particle diameter of 25 micrometers), and carbon black (mean particle diameter of 80 
nm) the rate shown in Table 3 is used, It is an example except having carried out temperature up at the 
rate of 50 ** / min to the sintering temperature shown in Table 3. The honeycomb structured body was 
manufactured like 1. The comparative example 7 sends current through the axis of a honeycomb 
breakthrough perpendicularly like the comparative example 2, performs energization sintering, and sinters 
the comparative example 8 with a high-frequency-induction heating furnace like the comparative example 
3. The same method as the comparative example 2 estimated the characteristic of the comparative 
example 7. Those results are shown in Table 4. 
[0056] 
[Table 3] 
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[0057] 
[Table 4] 
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[0058]It is set to nature DPF of silicon carbide excellent in the catching performance of inflammable 
particles by the surface roughness (Rz) of the cell wall of a honeycomb structured body being not less than 
30 micrometers so that clearly from Table 3-4. 
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[0059](Exampies 13-15) This example is an example which performed energizing heating sintering like 
Examples 4-12, and manufactured the nature honeycomb structured body of silicon carbide. However, a 
different point from Examples 4-12 is having used the mixture which transposed some silicon nitride 
powder to oxidized silicon powder. 

[0060]The honeycomb structured body was manufactured and evaluated like Example 5 except having used 
the mixture which transposed some silicon nitride powder to oxidized silicon powder (mean particle 
diameter of 0.5 micrometer) variously as shown in Table 5. 
[0061] 
[Table 5] 
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[0062] 
[Table 6] 
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[0063]The diameter of an open pore in the cell wall surface can be not less than 20 micrometers, without 
reducing the surface roughness of a cell wall by using the mixture which replaced some silicon nitride 
powder by a suitable quantity of oxidized silicon powder so that clearly from Table 5 - 6. As a result 
nature DPF of silicon carbide which was excellent in the catching performance of inflammable particles 
much more can be manufactured. 

[0064](Examples 16-19) This example is an example which energizing heating sintering was performed, and 
performed heat tracing with the side heater from the side using the heating apparatus shown in drawing 1 
in the honeycomb shape Plastic solid manufactured in Example 5 and Example 14, and manufactured the 
nature honeycomb structured body of silicon carbide. 

[0065]It was set to the electrode made from carbon of a couple, after having manufactured the honeycomb 
shape Plastic solid, drying and degreasing like Example 5 and Example 14, under a nitrogen atmosphere, 
energizing heating sintering was performed on the conditions shown in Table 7, and the side heater 
performed heat tracing from the side, and the honeycomb structured body was manufactured. It carried out 
by having repeated such operation, ten honeycomb structured bodies were manufactured respectively, and 
the rate of a crack generation (%) and the internal erosion incidence rate (%) were measured. 
[0066]In order to evaluate the homogeneity of the obtained honeycomb structured body, what was sampled 
from a not less than 30-mm inner surface from within the limits of the honeycomb end face to 50-100 mm, 
and a side wall part The sample for internal evaluation, What was sampled from portions other than the 
above was made into the sample for external valuation, and various characteristics were evaluated. Those 
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results are shown in Table 7. 

[0067] 

[Table 7] 
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[0068]As shown in Table 7, by using energizing heating and heat tracing together shows that the 
manufactured honeycomb structured body will become homogeneous in the internal exterior compared with 
the case (Example 5, Example 14) where (Examples 16-19) and concomitant use of those are not 
performed. And the homogeneous honeycomb structured body generating of a crack etc. is not accepted 
to be even if it performs high-speed ternperature-up heating was able to be manufactured. 
[0069](Reference example) In Example 5, when the heating rate of the honeycomb shape Plastic solid was 
sped up from 50 ** / min to 80 ** / min, the rate of a crack generation was 10%, but the characteristic of 
the honeycomb structured body without a crack generation was equivalent to Example 5. 
[0070](example 20-30 Comparative examples 9-16) This example is an example which manufactured the 
nature honeycomb structured body of silicon carbide using the mixture which replaced some silicon nitride 
powder by oxidized silicon powder like Examples 13-15. However, a different point from Examples 13-15 is 
having sintered this example only by heat tracing without performing energizing heating sintering then. 
[0071]Silicon carbide powder (mean particle diameter of 10 micrometers), silicon nitride powder (mean 
particle diameter of 45 micrometers), A honeycomb shape Plastic solid is manufactured using the mixture 
made into the rate which shows the oxidized silicon powder and graphite powder (mean particle diameter of 
10 micrometers) which have the mean particle diameter of Table 8 in Table 8, It dried and degreased and it 
has been arranged to graphite crucible, under a nitrogen atmosphere, temperature up was carried out to 
the temperature shown in Table 8 at the rate of 10 ** / min with a high-frequency-induction heating 
furnace, and the nature honeycomb structured body of silicon carbide was manufactured. Those results are 
shown in Table 9. 
[0072] 
[Table 8] 
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[0073] 
[Table 9] 
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[0074]By using the mixture which replaced some silicon nitride powder by a suitable quantity of oxidized 
silicon powder so that clearly from Table 8-9, Even if it does not perform energizing heating sintering, by 
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carrying out heat tracing sintering, nature DPF of silicon carbide excellent in the catching performance of 
inflammable particles in which the diameter of an open pore in the cell wall surface is not less than 20 
micrometers can be manufactured. 

[0075]Each characteristic of a statement is measured by this specification according to the following. 

(1) Porosity of a cell wall : it measured by the Archimedes method. 

(2) The diameter of an open pore on the surface of a cell wall : the cell wall surface was observed with the 
scanning electron microscope, the stoma part formed in a silicon carbide particle and its gap was two- 
shifts — ization-processed by image analysis, size analysis was conducted on the conditions assumed that a 
stoma is circular, the value which equalized each diameter was measured, and it was considered as the 
diameter of an open pore on the surface of a cell wall. 

(3) The average pore diameter of a cell wall : pore-size distribution was measured with the method of 
mercury penetration, it assumed that a stoma was a cylindrical shape, and the average of the path for 
which it asked by carrying out division of the total pore volume ratio with stoma specific surface area was 
made into the average pore diameter of a cell wall. 

(4) Arbitrary honeycomb breakthroughs were chosen according to surface roughness (Rz):JIS B 0601 of a 
cell wall, surface roughness was measured over 40 mm in length to the shaft orientations of this 
breakthrough, and it was converted into the value with a reference length of 8 mm. 

(5) Particle catching performance : some cell walls (outside diameter size **20-mmx0.4 mm in thickness) 
were cut down from the honeycomb structured body, the air of 2 I. / min was passed, and early pressure 
loss was measured. The carbon slurry of 5% of solids concentration was applied to the cell wall, and the 
amount of carbon deposits until it passes the air of 2 I. / min and pressure loss reaches 200mmHg was 
measured after desiccation. 

(6) Intensity of a honeycomb structured body : the honeycomb structured body was cut in outside diameter 
size **10-mmx length of 10 mm, and the compressive strength in the direction of extrusion (shaft 
orientations of a honeycomb breakthrough) was measured by crosshead speed 0.5 mm/min. 

(7) Specific resistance of a honeycomb structured body : the honeycomb structured body was cut in 
outside diameter size **10~mmx length of 50 mm, the silver electrode was formed, and it measured by 4 
terminal method. 

(8) The presentation of a honeycomb structured body : the X diffraction was performed and the qualitative 
component analysis was conducted from the peak intensity. 

(9) Resistance of a honeycomb shape Plastic solid : silver paste was baked on the both ends of the 
direction of extrusion, and the room temperature voltage in 0.1 A constant current was measured by the 
multimeter. 

[0076] 

[Effect of the Invention] 

(i) Since the honeycomb structured body of this invention makes surface roughness of a cell wall coarse to 
not less than 30 micrometers, the collection surface product of inflammable particles becomes large. 

(ii) Since the honeycomb structured body of this invention sets the diameter [ in / for the surface 
roughness of a cell wall / not less than 30 micrometers and the cell wall surface ] of an open pore to not 
less than 20 micrometers, it can lengthen time until the catching effect of inflammable particles is excellent 
much more and causes blinding. 

(iii) Since DPF of this invention comprises a honeycomb structured body excellent in the catching effect of 
inflammable particles, it does not need to be reproduced frequently and, moreover, the miniaturization of it 
is attained. 

(iv) Since DPF of this invention comprises nature ceramics of silicon carbide, it is excellent in heat 
resistance. 

It is hard to generate thermal stress cracking by the erosion crack and thermo cycle at the time of 
reproduction. 

(v) According to the manufacturing method of the honeycomb structured body of this invention, the 
honeycomb structured body excellent in the catching effect of inflammable particles can be manufactured 
with sufficient productivity. 

(vi) By using together energizing heating and the heat tracing by a side heater, and sintering a honeycomb 
shape Plastic solid, even if it performs rapid temperature-up heating, a more homogeneous honeycomb 
structured body can be manufactured. 

(vii) According to the heating apparatus of this invention, setting out of heating conditions is easy and the 
device which can heat-treat a processed material uniformly is provided. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an approximate account figure of the heating apparatus of this invention. 
[Description of Notations] 

1 Heat-treatment room 

2 Processed material 

3 Upper electrode 

4 Lower electrode 

5 Sight tube 

6 Measuring meter 

7 Automatic controller 

8 Thyristor 

9 Transformer 

10 Side heater 

11 Sight tube 

12 Measuring meter 

13 Automatic controller 

1 4 Thyristor 

1 5 Transformer 

16 Electrode lifting device 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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DRAWINGS 



[Drawing 1] 




[Translation done.] 
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